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Abstract: Binge drinking (BD) is a common practice among college students. Alcohol consumption
may affect brain structures that continue to develop in early adulthood. The aim of this study was to
analyze the relationship of BD with impairments affecting memory and executive function among uni-
versity students. A cross-sectional study was conducted among students (aged 18–30 years) enrolled
for the academic year 2018–2019 at the Faculty of Nursing of the University of Cantabria (Spain). Data
collection included sociodemographic and academic information, together with alcohol and drug
use information, collected by means of a semi-structured questionnaire. A battery of validated tests
was used to gather neuropsychological variables. A total of 142 participants were included, of which
88.03% were women. Up to 38.03% were classified as BD. No differences were found in memory tests.
Regarding executive function, better performance in the Stroop Color and Word Test was observed
in non-BD but the results were not statistically significant. In conclusion, no relationship was found
between memory and executive function and BD, although better performance in executive function,
specifically inhibitory control, was observed in non-BD.
Keywords: binge drinking; alcohol-related disorders; young adulthood; alcohol drinking in college;
brain function; psychological test
1. Introduction
Alcohol is the most widely consumed psychoactive substance in many countries. In
data from 2018, around 43% of the world’s population and over 50% of Europeans had
consumed alcohol in the past 12 months [1]. In Spain, in 2017, approximately 90% of
the population over 14 years of age had consumed alcohol in their lifetime and approx-
imately 75.2% had done so in the last year [2]. Alcohol consumption is a frequent habit
among young adults [3], considering that worldwide, over a quarter of young people
aged 15–19 years old consume alcohol, with the highest prevalence rate found in the WHO
European Region. In Spain, during the period of 2010–2017, around 60% of young people
aged 15–34 years had consumed alcohol in the last 30 days [2].
Among young people, there is a predominance of alcohol consumption characterized
by a high intake in a short period of time, followed by periods of abstinence, known as
binge drinking (BD) [4]. The definition of BD does not have a consensus in the scientific
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literature. The National Institute on Alcohol Abuse and Alcoholism published, in 2004, one
of the most widespread definitions internationally: “pattern of drinking alcohol that brings
blood alcohol concentration to 0.08 percent—or 0.08 g of alcohol per decilitre—or higher.
For a typical adult, this pattern corresponds to consuming 5 or more drinks (male), or 4
or more drinks (female), in about 2 h” [5]. This definition considers quantity and period
of consumption, but lacks the variable frequency of consumption, which is important for
determining the health and social consequences of this pattern. In Spain in 2011, Parada
et al. [6], in an attempt to collect all the parameters that have been shown to be relevant in
the definition and adapt it to the national reality, proposed that: “BD is the consumption of
six or more alcoholic drinks for men (60 g)-5 or more for women (50 g)-on a single occasion
(within a two-hour period) at least once in the past 30 days”.
Moreover, BD is a pattern of consumption that takes place worldwide, with a peak
prevalence between the ages of 20–24. In 2016, the prevalence in adolescents over 15 years
of age was 18.2%, with the highest rates found in the European region at 26.4% [1]. More-
over, men have a higher prevalence than women [2,7]. In Spain, the prevalence of BD in
the general population is around 15%, with particularly high figures among young people,
with a prevalence of approximately 30% in men between 20–29 years of age and 17–20%
among women of the same age [2], and up to 32.3% in students between 14–18 years of
age [8].
Among young university students, alcohol consumption and the practice of BD are
frequent habits [9–11], with higher prevalence rates than the general population of the
same age [12], over 40% in the last 30 days [9,10,13].
The cerebral cortex, the limbic system, and the cerebellum are structures vulnerable to
the effects of alcohol consumption. Moreover, these brain regions, such as the cortico-limbic
regions, continue to develop throughout adolescence and early adulthood. A systemic
review shows than delayed development of key frontal executive-control regions may
predispose youth to binge drink [14]. A literature review found that adolescents with
alcohol use disorders often show poorer neurocognitive performance, alterations in gray
and white matter brain structure, and discrepant functional brain activation [15]. More-
over, alcohol use during adolescence is associated with prefrontal volume abnormalities,
including white matter differences [16].
Some studies associate excessive alcohol consumption or BD with poorer verbal
declarative memory [17,18]. However, few studies have been aimed at evaluating the
relationship between BD patterns of alcohol consumption and executive function. Salas
et al. [10] found that BD in college students was associated with a lower performance in
some executive functions tests. In young people, García-Moreno et al. [19] also found that
BD is associated with poorer performance in neuropsychological tasks which depend on
correct prefrontal cortex functioning. A systematic review shows than BD is associated
with deficits in some types of memory like verbal memory and some executive functions,
principally poor inhibitory control [20] but the results obtained are not conclusive, and it is
necessary to continue researching in this area.
The aim of this study was to analyze the relationship of BD with impairments affecting
memory and executive function among university students.
2. Materials and Methods
2.1. Study Design
A cross-sectional study was performed. The study design was approved by the Ethics
Committee of Cantabria, Spain (Code: 2015.102). All procedures were conducted according
to the Declaration of Helsinki [21] and participants read and signed a written consent
form prior to their participation in the study. The data were anonymized and treated
confidentially in accordance with the Personal Data Protection legislation [22].
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2.2. Participants
All university students enrolled in the 2018–2019 academic year at the Faculty of
Nursing of the University of Cantabria (Spain) aged between 18 and 30 years were included
in the study. Those with sensory deficits or diseases that prevented the performance of the
neuropsychological tests were excluded. A total of 303 students initially enrolled in this
study, of which 142 finally participated (Figure 1).
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Figure 1. Diagram of study participation.
2.3. Variables and Measuring Tools
2.3.1. Sociodemographic and Academic Data. Alcohol, and Other Drug Consumption
A semi-structured interview was conducted in which sociodemographic and academic
variables were collected (gender, age, place of residence, mother’s and father’s level of
studies, and mean grade on the academic transcript.
Data were collected on quantity and pattern of alcohol consumption at different
periods: some time in life, during the last 12 months and during the last 30 days. The
standard drink (SD) was used to measure the amount of alcohol consumption. In Spain, a
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SD corresponds to a drink containing 10 g of alcohol. A table was provided showing the
alcohol content in SD of the most commonly consumed alcoholic beverages in Spain.
Alcohol consumption at some point in life was collected as a dichotomous variable
(Yes/No) and the age of first alcohol consumption was also asked.
During the last 12 months: the SD consumed on a typical drinking day; the frequency
of drinking (every day, 5–6 times a week, 3–4 times a week, 2 times a week, once a week,
2–3 times a month, once a month, 3–11 times in the last year, 1–2 times in the last year or
no drinking, 1–2 times in the past year or never) and the frequency of drinking 6 SD (men)
or 5 SD (women) or more of alcoholic beverages (every day, 5–6 times a week, 3–4 times
a week, 2 times a week, once a week, 2–3 times a month, once a month, 3–11 times in the
past year, 1–2 times in the past year or never) were measured.
“During the last 30 days: number of times you have been drunk and maximum alcohol
intake in a 2-h period”. The question on maximum alcohol intake in a 2-h period in the last
30 days was used to classify students as BD or non-BD according to the definition proposed
by Parada et al. [6]: “consumption of six or more alcoholic drinks for men (60 g)-5 or more
for women (50 g) on a single occasion (within a two-hour period) at least once in the past
30 days”.
The questionnaire included the Alcohol Use Disorders Identification Test (AUDIT)
developed by the WHO [23] which has been validated in Spain by Rubio et al. [24] and
presenting adequate psychometric properties for the detection of alcohol problems in
college students [25], as well as for the distinction between BD and non-BD consumption in
this population group [26]. The cut-off points for detecting risk drinkers in the university
population in Spain are set at eight points for men and six points for women [25]. In
addition, data on tobacco, cannabis or cocaine use in the last year was collected by asking:
“During the last 12 months, how often have you used tobacco/cannabis/cocaine?”.
2.3.2. Neuropsychological Variables
Memory
The Wechsler Memory Scale-Third Edition (WMS-III) Logical Memory I Test [27] was
used which evaluates immediate episodic verbal memory and the Rey-Osterrieth Complex
Figure Test (ROCFT) [28] was used for visual memory [28,29].
The administration of the WMS-III Logical Memory I Test consists of the examiner
reading two stories and immediately after reading each of the texts the subject is asked
to recall what they remember from each of them. The second story is read twice. The
total recall score is the sum of each of the scores of the text units: A, B (first recall) and B
(2nd recall). The score is between 0 and 75.
The ROCFT consists of copying and, after a given period, reproducing a complex
geometric figure. When administering this test, first, the subject is shown the picture and
asked to reproduce it while the figure is placed in front of them (Copy); then, after 3 min,
the person is asked to reproduce the figure from memory (Delayed Recall), following the
instructions of the manual in Spanish [28].
For the evaluation of the process of copying and recalling, the figure is broken down
into 18 elements and the same score is awarded. Thus, the direct score obtained is between
0 and 36 points in each phase.
Executive Functions
The Stroop Color and Word Test (SCWT) [30] was used to measure inhibitory control,
the Wechsler Adult Intelligence Scale-III (WAIS-III) Digit span [31] was used to measure
working memory and the Trail Making Test (TMT) [32] was used to measure cognitive
flexibility.
The SCWT consists of three A4 pages containing five columns with 20 elements each.
The first page features the words “RED”, “GREEN” and “BLUE” in black and in a random
order, with none of the words appearing twice in a row. The second has 100 of the same
elements (“XXXX”) printed in blue, green, or red font. As on the first page, no color is
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repeated twice in a row. The third is a combination of the words of the first with the colors
of the second, i.e., the first written word is the same as on the first sheet, although printed
in the color of the first “XXXX” of the second sheet. The color of the ink never matches the
meaning of the word.
The administration is performed in the same order, as follows (each for 45 s duration):
• First sheet: read the text of each word.
• Second sheet: say the color of each XXXX.
• Third sheet: say the color of each word.
The number of items named on each of the sheets is recorded (errors are not counted,
but represent a worse score in the execution of the test since the item must be repeated
correctly) obtaining three scores: words reading score of the first sheet; color naming score
of the second sheet and color-color interference score of the third sheet. Subsequently, the
predicted color-word score (SCWT-PC’) is calculated, which derives from the idea that the
easiest way to complete the items on the third sheet is to read the word and then name
the color. The interference score (SCWT-INTERF) is the difference between SCWT-PC and
SCWT-PC’.
The WAIS-III Digit Span Test consists of two exercises that are administered indepen-
dently: digit span forward and digit span backward. In both, the examinee is asked to
repeat a series of digits read by the examiner, in the first exercise these are repeated in the
same order (digit span forward) and in the second exercise these are repeated in the reverse
order (digit Span Backwards). The test consists of eight items for digit span forward and
seven for Digit Span Backwards. Each of the items is composed of two sets of numbers
of the same length. Two attempts were administered for each item regardless of whether
the response to the first was correct [31]. The score is equal to the number of digits of the
longest error-free series, between 0 and 9 in direct digits and between 0 and 8 in inverse
digits, following the methodology of the NEURONORMA study [33].
The TMT consists of two parts: part A consists of joining numbers from 1 to 25,
randomly distributed on a sheet of paper, in order, from smallest to largest; part B consists
of joining numbers from 1 to 13, interspersing them with letters in alphabetical order. The
test was administered according to the procedure proposed by Reitan [32], quantifying the
time taken to complete each part.
2.4. Procedure
Participants were recruited via informative sessions and posters placed in the faculty.
Two researchers conducted the data collection. Both were trained by a psychologist, who
was a member of the research team, and who taught how to administer the psychological
tests which were carried out in pencil and paper. Two independent offices with good
conditions were available for this task. Data collection was carried out between December
2018 and January 2020. The data collection required approximately 30 min for each
participant. Participants were required not to consume alcohol or any other drug on the
day of the assessment.
The data from the first 30 participants were used as a pilot study, and after their analy-
sis the research team met without making substantial changes to either the questionnaires
or the administration procedure. These data were also included later in the total sample.
2.5. Statistical Analysis
For the statistical analysis, a distinction was made between categorical and quantita-
tive variables. A descriptive bivariate analysis of BD and the remaining study variables
was performed. Categorical variables are presented as counts and percentages of the total
and of the BD and non-BD groups. These descriptive results were completed with the
Pearson’s Chi-Square test or the Likelihood Ratio Chi-Square test as appropriate, to contrast
the independence between each variable and BD. Quantitative variables are presented with
basic descriptive statistics (n, mean, median, SD and quartiles) for the total and for the BD
and non-BD groups. These results are complemented with the Wilcoxon rank-sum test to
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contrast the distributions of the quantitative variable between non-BD and BD. In cases of
normal distribution of the variable in each non-BD and BD group, the results of the t-test
to compare means of independent groups are also presented: non-BD and BD.
The statistical analysis was performed using SAS v9.4 software, SAS Institute Inc.,
Cary, NC, USA. Statistical decisions were made using 0.05 as the level of significance.
3. Results
In total, 142 participants were included in the study. Eighty-eight participants be-
longed to the non-BD group and 54 to the BD group, corresponding to 61.97% and 38.03%
respectively of the total sample. Up to 11 participants (7.75% of the total) were teetotalers,
meaning that they had not consumed alcohol during the last year, and six of these had
never consumed alcohol (4.22% of the total).
3.1. Sociodemographic, Academic, Alcohol and Other Drug Use Variables
The complete data can be seen in Tables 1 and 2. Women constituted 88.03% of
the participants. A higher proportion of women was observed in the non-BD group:
92.05% women and 7.95% men, whereas in the BD group there were 81.48% women and
18.52% men, although this difference was not statistically significant (p = 0.0598).
Regarding the place of residence, 83.33% of the BD group lived in the family home
compared to 77.27% of the non-BD group (p = 0.3845).
The mother’s level of education was higher in most categories in the non-BD partici-
pants, for example, in non-BD, 33 participants (37.5%) indicated that their mother had a
university education, compared to only 10 participants (18.52%) who were BD, although
no statistically significant differences were detected (p = 0.0631).
Table 1. Sociodemographic and academic data.
Total (n = 142)
Binge Drinkers
No (n = 88) Yes (n = 54)
n % n % n %
Gender
Female 125 88.03% 81 92.05% 44 81.48%
Male 17 11.97% 7 7.95% 10 18.52%
p = 0.0598 b
Mean SD Range Median Mean SD Range Median Mean SD Range Median
Age 20.73 2.67 18–30 20.00 20.77 2.77 18–30 20.00 20.67 2.53 18–28 20.00
p = 0.9830 a
Mean grade 7.18 0.9 4.55–9.11 7.3 7.24 0.96 4.55–9.11 7.44 7.07 0.79 4.91–8.65 7.27
p = 0.1753 a
n % n % n %
Place of residence
Family home 113 79.58% 68 77.27% 45 83.33%
Noy in the family home 29 20.42% 20 22.73% 9 16.67%
p = 0.3845 b
Maternal level of studies
University 43 30.28% 33 37.5% 10 18.52%
Secondary/vocational training 57 40.14% 32 36.36% 25 46.3%
Primary 36 25.35% 21 23.86% 15 27.78%
No studies 6 4.23% 2 2.27% 4 7.41%
p = 0.0631 c
Paternal level of studies
University 45 31.69% 27 30.68% 18 33.33%
Secondary/vocational training 55 38.73% 36 40.91% 19 35.19%
Primary 36 25.35% 22 25,00% 14 25.93%
No studies 6 4.23% 3 3.41% 3 5.56%
p = 0.8671 c
Wilcoxon Test (a); Chi-Square Test (b); LR-Chi-Square Test (c); SD (standard deviation).
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Table 2. Consumption of alcohol and other drugs.
Total (n = 142)
Binge Drinkers
No (n = 88) Yes (n = 54)
Mean SD Range Median Mean SD Range Median Mean SD Range Median
Age of onset of alcohol use (n = 136) 15.24 1.65 8–19 15.00 15.67 1.66 8–19 16.00 14.59 1.43 12–18 15.00
p =< 0.0001 a
AUDIT total 4.96 4.55 0–20 3 2.94 2.92 0–14 2 8.26 4.83 1–20 7
p < 0.0001 a
Substance Use in the Last 12 Months
n % n % n %
Alcohol
Less than monthly 41 28.87% 39 44.32% 2 3.7%
1 to 3 times a month 57 40.14% 38 43.18% 19 35.19%
Once a week 17 11.97% 5 5.68% 12 22.22%
2 or more times per week 27 19.01% 6 6.82% 21 38.89%
p < 0.0001 b
Tobacco
Never 99 69.72% 71 80.68% 28 51.85%
Some days 32 22.54% 15 17.05% 17 31.48%
Every day 11 7.75% 2 2.27% 9 16.67%
p = 0.0003 b
Cannabis
Never 110 77.46% 79 89.77% 31 57.41%
Some days 32 22.54% 9 10.23% 23 42.59%
p < 0.0001 b
Cocaine
Never 142 100.00% 88 100.00% 54 100.00%
Wilcoxon Test (a); Chi-Square Test (b); SD (standard deviation); AUDIT (Alcohol Use Disorders Identification Test).
The median age of onset of alcohol use in non-BDs was 16.00 (Q1 = 15, Q3 = 17) years
and 15.00 (Q1 = 14, Q3 = 15) years in BDs (p < 0.0001); six participants have not been
included in this contrast because they have never drunk alcohol. The median total direct
score of the AUDIT questionnaire in non-BDs was 2 (Q1 = 1, Q3 = 4) points and 7 (Q1 = 5,
Q3 = 12) points in BDs (p < 0.0001). 3 participants (14.77%) non-BD and 36 participants
(66.67%) BD are risk drinkers (AUDIT total >= 8 in men or >= 6 in women) (p < 0.0001).
Regarding the frequency of drinking over the last 12 months, 39 non-BD participants
(44.32%) consumed alcoholic beverages “less than once a month” and 38 (43.18%) did so
“1 to 3 times a month” vs. 21 BD participants (38.89%) who did so “two or more times a
week” and 19 (35.19%) who drank alcohol “1 to 3 times a month” (p < 0.0001).
Seventy-one non-BD participants (80.68%) indicated that they had never smoked,
15 people (17.05%) indicated that they smoked “Some days” and two participants (2.27%)
indicated smoking “Every day”. Conversely, in the group of BD participants, 28 (51.85%)
indicated “Never” smoking, 17 students (31.48%) indicated smoking “Some days”, and
nine participants (16.67%) reported smoking “Every day” (p = 0.0003).
Regarding cannabis use, 79 non-BD participants (89.77%) reported that they had never
used cannabis in the past year and nine participants (10.23%) used it on “Some days”.
31 “BD” participants (51.41%) did not use cannabis and 23 (42.59%) used it “Some days”
(p < 0.0001). None of the participants reported having used cocaine in the past year.
3.2. Memory and Executive Functions
The results of the neuropsychological tests that measure memory and executive
functions are displayed in Table 3.
As for the two tests used to measure memory, the median of the WMS-III Logical
Memory I Test in non-BDs was 50 (Q1 = 45, Q3 = 55) points and 50.5 (Q1 = 47, Q3 = 53)
points in BDs.
The median ROCFT delayed recall test phase score in non-BDs was 29 (Q1 = 22,
Q3 = 32) points and 29 (Q1 = 25, Q3 = 30) points in BDs.
No statistically significant differences were found for the WMS-III Logical Memory I
Test or the ROCFT delayed recall test.
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Table 3. Memory and executive functions.
Total (n = 142)
Binge Drinkers
No (n = 88) Yes (n = 54)
Memory
Mean SD Range Median Mean SD Range Median Mean SD Range Median
WMS-III
Logical memory I 37.07 8.32 13–60 38 36.98 8.29 13–53 38 37.22 8.45 21–60 38
p = 0.8200 a
ROCF
Delayed Recall 26.82 6.05 8–36 29 26.33 6.65 8–36 29 27.63 4.88 14–36 29
p = 0.5720 a
Executive Functions
Mean SD Range Median Mean SD Range Median Mean SD Range Median
WAIS-III
Digit Span
Forward 7.04 1.36 4–9 7 6.91 1.3 4–9 7 7.26 1.44 5–9 7
p = 0.1470 a
Digit Span
Backwards 5.35 1.19 1–8 5 5.23 1.2 1–8 5 5.54 1.16 3–8 5.5
p = 0.1552 a
Digit span total 12.39 2.32 5–17 12 12.14 2.23 5–17 12 12.8 2.41 8–17 13
p = 0.1296 a
STROOP
Words 113.89 15.47 76–150 113 113.91 16.35 76–150 115 113.85 14.06 85–150 113
Difference: 0.06 CI [−5.25 5.36] p = 0.9830 b
Color 79.15 11.53 54–113 78 79.15 11.93 54–113 78 79.17 10.95 58–102 78.5
Difference: −0.02 SD [−3.97 3.94] p = 0.9925 b
Color-word 51.04 8.58 31–71 51 51.52 9.02 31–71 50.5 50.26 7.85 33–66 51
Difference 1.26 CI [−1.67 4.20] p = 0.3965 b
Predicted
color-word 46.51 6.01 32.85–63.38 45.92 46.49 6.29 32.85–63.38 45.69 46.54 5.58 35.71–60.00 46.39
Difference: −0.05 CI [−2.11 2.01] p = 0.9629 b
Interference 4.55 6.33 (−13.30)–(19.98) 4.54 5.06 6.2 (−11.63)–(19.98) 5.26 3.71 6.52 (−13.30)–15.22 4.2
Difference 1.35 CI [−0.81 3.51] p = 0.2184 b
Trail Making Test
Test A 21.56 7.11 10–46 20 21.42 7.22 12–46 20 21.78 6.99 10–40 21
p = 0.5626 a
Test B 52.39 16.3 27–114 50 53.64 18.21 27–114 48 50.35 12.49 30–94 50
p = 0.6604 a
Wilcoxon Test (a); T test (b); SD (standard deviation); CI (confidence interval); WMS-III (Wechsler Memory Scale-Third Edition); WAIS-III
(Wechsler Adult Intelligence Scale-Third Edition); ROCF (Rey–Osterrieth Complex Figure Test).
Regarding executive functions, in the WAIS-III Digit Span test, digit span forward,
digit span backwards and digit span total scores were analyzed separately, with no sta-
tistically significant differences. In the SCWT direct scores, a better performance in the
SCWT-W subtest was observed in the non-BD group, 51.52 (SD 9.02) points versus 50.26
(SD 7.85) in the BD group. The difference was not statistically significant (p = 0.3965).
Higher mean SCWT-INTERF scores were also observed in the non-BDs, 5.06 (SD 6.20),
versus the BDs, 3.71 (SD 6.52). Likewise, the difference was not statistically significant
(p = 0.2184). No statistically significant differences were found in the TMT.
4. Discussion
No relationship between BD with impairments affecting memory and executive func-
tion among university students was found in our sample.
We failed to find a relation between verbal memory and BD. A systematic review
by Carbia et al. [20] claims that the pattern of BD in college students is associated with
difficulties in verbal memory although the authors only found eight studies that evaluated
this variable, using different tests based on learning lists or story recall.
Other studies conducted in Spain with university students who, like ours, also use
the logical memory subtest of the WMS III generally showed worse performance in BD
students than non-BD students [13,34,35]: Parada et al. [34], in a cross-sectional study
with 122 participants, students with BD drinking patterns demonstrated significantly
lower recall of verbal material than non-BD students; Mota et al. [35], in a longitudinal
study with 89 young people reported that continued BD drinkers recalled less information
than non-BD and ex-BD drinkers; and Carbia et al. [13] in a prospective study with a
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sample of 155 participants and a six-year follow-up, found that a stable pattern of BD
alcohol consumption was associated with difficulties in remembering stories. Differences
with our results could be explained by the definition of BD used in these studies, which
generally increase the threshold of consumption to consider a subject as BD; the study
populations, among which some are students and others are young people in general; or
the methodology used, i.e., two cross-sectional studies and one longitudinal.
We also found no differences in visual memory between the two groups of young
people in accordance with the results of the review by Carbia et al. published in 2018 [20],
including 20 studies analyzing visual memory and BD, five of which used the ROCFT
reproduction test as used in our study. Salas et al. [10] also found no differences in a
population with similar characteristics, i.e., 206 undergraduate physical therapy students
in Spain, using the ROCFT reproduction test for measurement.
Understanding that executive function encompasses working memory, inhibitory
control, and cognitive flexibility, we also found no differences for the performance on
neuropsychological tests measuring these functions between nursing students with a BD
and non-BD drinking pattern.
Working memory, understood as the capacity to maintain and reorder information
and measured with the WAIS-III inverse digits test, is not affected by BD practice, and we
also found no differences in direct digits of the same test, which is considered to measure
attention [36] and is mainly related to the maintenance of learned information. Carbia
et al. [20] in their systematic review included 16 studies that analyzed working memory
with different instruments and similarly found no associations between BD and attention
or working memory problems measured with the digit test, although it seems that BD
could have some difficulty in performing other tests, which also measure working memory
and require the performance of more complex information manipulation tasks.
In terms of inhibitory control, which refers to the ability to suppress predominant,
inappropriate, or impulsive responses and is measured with the SCWT test, no differences
were observed between BD and non-BD participants, although non-BD participants ob-
tained better test scores. Carbia et al. [18] in their systematic review, included eleven studies
measuring this variable, with nine different instruments, and found that, in general, it
seems that BD in youth is associated with lower inhibitory control, although the heterogene-
ity of the measurement instruments makes it difficult to compare results. Garcia-Moreno
et al. [19] used the SCWT, as in our study, to compare inhibitory control between young
BD, young non-BD drinkers and abstainers and found better performances in abstainers
than in BD, although we included non-BDs and abstainers in the same group; therefore,
it is to be expected that the differences with BD are smaller. Salas et al. [10], in a sample
similar to ours, students enrolled in the Physical therapy Degree, also found no significant
differences in the performance of the SCWT test.
According to our findings, cognitive flexibility, understood as the ability to switch
from one thought to another or to alternate between tasks, is not altered by BD. Carbia
et al. [20] in their systematic review, which includes eight studies measuring this function
with seven different instruments, also found no clear evidence of a relationship, but there
is evidence of worse cognitive flexibility in BD, although, again, the difference in the tests
used in each study makes it difficult to compare results. Conversely, Salas et al. [10] in
their study among physical therapy students and using the TMT, did find an association
between BD and test results, although differences in the characteristics of the sample, such
as cannabis use, gender distribution or age, could influence the results.
This study has been carried out on nursing students, which could be a limitation due
to the specificity of the sample, but it provides data from a very specific population that
has not been frequently studied. In addition, few papers use a set of neuropsychological
tests such as ours, which explores numerous aspects of memory and executive function.
The main limitation of the study is probably the lack of consensus in the scientific
community on the definition of BD and the absence of a validated instrument to identify
and measure this pattern of consumption. To address this limitation, we have used a
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definition that includes the aspects that are usually included in other definitions and that
is adapted to the circumstances of our context. In addition, the fact that this is a cross-
sectional study and that the mean age of the participants is low probably makes it difficult
to detect neuropsychological alterations.
Another limitation of the study is that the sample is small and heterogeneous in many
variables, and is composed exclusively of nursing students, mostly women. This could be
the reason for not finding significant differences in the variables studied and it conditions
the extrapolation of the results to both sexes and makes it difficult to study the differences
in the variables between men and women.
Further longitudinal studies are needed to research this subject and confirm these
findings, and to explore whether BD-type consumption in youth has repercussions on
neurocognitive performance in memory or executive function tests in adulthood.
5. Conclusions
Performance in neuropsychological tests measuring verbal and visual memory and
neuropsychological tests measuring executive function were not related to BD alcohol
consumption patterns in our sample. Nonetheless, better performance was found in some
of the tests measuring executive function, specifically inhibitory control, in non-BD subjects.
Inhibitory control is of special interest in relation to BD, since low levels of inhibitory
control could lead to an increase in BD-type consumption, and therefore future studies are
needed to investigate this relationship.
Author Contributions: Conceptualization, M.H.-M., C.A.-B., M.P.-Z., A.P.-L., L.R.-A., C.S.-C., E.B.-P.
and P.P.-B.; Data curation, M.H.-M.; Formal analysis, M.H.-M., C.A.-B., M.P.-Z., A.P.-L., L.R.-A.,
C.S.-C., E.B.-P. and P.P.-B.; Funding acquisition, M.H.-M., C.A.-B., M.P.-Z., A.P.-L., L.R.-A., C.S.-C.,
E.B.-P. and P.P.-B.; Investigation, M.H.-M., C.A.-B., M.P.-Z., A.P.-L., L.R.-A., C.S.-C., E.B.-P. and
P.P.-B.; Methodology, M.H.-M., C.A.-B., M.P.-Z., A.P.-L., L.R.-A., C.S.-C., E.B.-P. and P.P.-B.; Project
administration, M.H.-M. and P.P.-B.; Resources, M.H.-M., C.A.-B., M.P.-Z., A.P.-L., L.R.-A., C.S.-C.,
E.B.-P. and P.P.-B.; Software, M.H.-M., C.A.-B., M.P.-Z., E.B.-P. and P.P.-B.; Supervision, C.A.-B.,
M.P.-Z. and P.P.-B.; Validation, C.A.-B., M.P.-Z., E.B.-P. and P.P.-B.; Visualization, M.H.-M., C.A.-B.,
M.P.-Z., A.P.-L., L.R.-A., C.S.-C. and P.P.-B.; Writing—original draft, M.H.-M., C.A.-B., M.P.-Z., A.P.-L.,
L.R.-A., C.S.-C., E.B.-P. and P.P.-B.; Writing—review & editing, M.H.-M., C.A.-B., M.P.-Z., A.P.-L.,
L.R.-A., C.S.-C., E.B.-P. and P.P.-B. All authors have read and agreed to the published version of the
manuscript.
Funding: This research was funded by the University of Cantabria by means of the “Resolución de 4
de octubre de 2019 (R.R. 701/19), del vicerrector de Ordenación Académica y Profesorado, por la que
se establecen las bases reguladoras y se convocan ayudas para contratos predoctorales de formación
de profesorado universitario”.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Cantabria, Spain (protocol code:
2015.102).
Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.
Data Availability Statement: The data presented in this study are available on request from the
corresponding author.
Acknowledgments: We would like to thank the invaluable participation of all those who generously
volunteered to collaborate in this study.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. World Health Organization. Global Status Report on Alcohol and Health 2018; World Health Organization: Geneva, Switzerland,
2018; ISBN 978-92-4-156563-9.
2. Observatorio Español de las Drogas y las Adicciones. Informe 2019 Alcohol, Tabaco y Drogas Ilegales en España; Ministerio de
Sanidad, Consumo y Bienestar Social: Madrid, Spain, 2019.
Int. J. Environ. Res. Public Health 2021, 18, 11508 11 of 12
3. Crews, F.; He, J.; Hodge, C. Adolescent Cortical Development: A Critical Period of Vulnerability for Addiction. Pharmacol.
Biochem. Behav. 2007, 86, 189–199. [CrossRef]
4. Lange, J.E.; Clapp, J.D.; Turrisi, R.; Reavy, R.; Jaccard, J.; Johnson, M.B.; Voas, R.B.; Larimer, M. College Binge Drinking: What Is
It? Who Does It? Alcohol. Exp. Res. 2002, 26, 723–730. [CrossRef]
5. National Institute on Alcohol Abuse and Alcoholism. Drinking Levels Defined. Available online: https://www.niaaa.nih.gov/
alcohol-health/overview-alcohol-consumption/moderate-binge-drinking (accessed on 8 September 2020).
6. Parada, M.; Corral, M.; Caamaño-Isorna, F.; Mota, N.; Crego, A.; Rodríguez Holguín, S.; Cadaveira, F. Definición del concepto de
consumo intensivo de alcohol adolescente (Binge Drinking). Adicciones 2011, 23, 53–63. [CrossRef]
7. Courtney, K.E.; Polich, J. Binge Drinking in Young Adults: Data, Definitions, and Determinants. Psychol. Bull. 2009, 135, 142–156.
[CrossRef]
8. Observatorio Español de las Drogas y las Adicciones. Informe 2020 Alcohol, Tabaco y Drogas Ilegales En España; Ministerio de
Sanidad, Consumo y Bienestar Social: Madrid, Spain, 2020.
9. Herrero-Montes, M.; Alonso-Blanco, C.; Paz-Zulueta, M.; Sarabia-Cobo, C.; Ruiz-Azcona, L.; Parás-Bravo, P. Binge Drinking in
Spanish University Students: Associated Factors and Repercussions: A Preliminary Study. Int. J. Environ. Res. Public Health 2019,
16, 4822. [CrossRef]
10. Salas-Gomez, D.; Fernandez-Gorgojo, M.; Pozueta, A.; Diaz-Ceballos, I.; Lamarain, M.; Perez, C.; Sanchez-Juan, P. Binge Drinking
in Young University Students Is Associated with Alterations in Executive Functions Related to Their Starting Age. PLoS ONE
2016, 11, e0166834. [CrossRef] [PubMed]
11. Dantzer, C.; Wardle, J.; Fuller, R.; Pampalone, S.Z.; Steptoe, A. International Study of Heavy Drinking: Attitudes and Sociodemo-
graphic Factors in University Students. J. Am. Coll. Health 2006, 55, 83–89. [CrossRef] [PubMed]
12. Schulenberg, J.E.; Johnston, L.D.; O’Malley, P.M.; Bachman, J.G.; Miech, R.A.; Patrick, M.E. Monitoring the Future National
Survey Results on Drug Use, 1975–2018: Volume II, College Students and Adults Ages 19–60. Available online: http://
monitoringthefuture.org/pubs.html#monographs (accessed on 8 September 2020).
13. Carbia, C.; Cadaveira, F.; Caamaño-Isorna, F.; Rodríguez-Holguín, S.; Corral, M. Binge Drinking during Adolescence and Young
Adulthood Is Associated with Deficits in Verbal Episodic Memory. PLoS ONE 2017, 12, e0171393. [CrossRef]
14. Lees, B.; Mewton, L.; Stapinski, L.A.; Squeglia, L.M.; Rae, C.D.; Teesson, M. Neurobiological and Cognitive Profile of Young Binge
Drinkers: A Systematic Review and Meta-Analysis. Neuropsychol. Rev. 2019, 29, 357–385. [CrossRef] [PubMed]
15. Jacobus, J.; Tapert, S.F. Neurotoxic Effects of Alcohol in Adolescence. Annu. Rev. Clin. Psychol. 2013, 9, 703–721. [CrossRef]
[PubMed]
16. Medina, K.L.; McQueeny, T.; Nagel, B.J.; Hanson, K.L.; Schweinsburg, A.D.; Tapert, S.F. Prefrontal Cortex Volumes in Adolescents
with Alcohol Use Disorders: Unique Gender Effects. Alcohol. Clin. Exp. Res. 2008, 32, 386–394. [CrossRef]
17. Heffernan, T.M. The Impact of Excessive Alcohol Use on Prospective Memory: A Brief Review. Curr. Drug Abuse Rev. 2008, 1,
36–41. [CrossRef]
18. Heffernan, T.; Clark, R.; Bartholomew, J.; Ling, J.; Stephens, S. Does Binge Drinking in Teenagers Affect Their Everyday Prospective
Memory? Drug Alcohol Depend. 2010, 109, 73–78. [CrossRef] [PubMed]
19. Garcia-Moreno, L.M.; Exposito, J.; Sanhueza, C.; Angulo, M.T. Actividad Prefrontal y Alcoholismo de Fin de Semana En Jóvenes.
Adicciones 2008, 20, 271–279. [CrossRef] [PubMed]
20. Carbia, C.; López-Caneda, E.; Corral, M.; Cadaveira, F. A Systematic Review of Neuropsychological Studies Involving Young
Binge Drinkers. Neurosci. Biobehav. Rev. 2018, 90, 332–349. [CrossRef]
21. World Medical Association Declaration of Helsinki. JAMA 2013, 310, 2191. [CrossRef] [PubMed]
22. Spanish Government Bulletin. Spanish Government Bulletin Organic Law 3/2018.Personal Data Protection; Spain’s Data Protection
Agency: Madrid, Spain, 2018; Volume 294, pp. 5–68.
23. Babor, T.F.; Higgins-biddle, J.C.; Saunders, J.B.; Monteiro, M.G. AUDIT. The Alcohol Use Disorders Identification Test Guidelines for
Use in Primary Care, 2nd ed.; World Health Organization: Geneva, Switzerland, 2001.
24. Rubio Valladolid, G.; Bermejo Vicedo, J.; Caballero Sánchez-Serrano, M.C.; Santo-Domingo Carrasco, J. Validación de la prueba
para la identificación de trastornos por uso de alcohol (AUDIT) en Atención Primaria. Rev. Clin. Esp. 1998, 198, 11–14. [PubMed]
25. García Carretero, M.Á.; Novalbos Ruiz, J.P.; Martínez Delgado, J.M.; O’Ferrall González, C. Validación Del Test Para La
Identificación de Trastornos Por Uso de Alcohol En Población Universitaria: AUDIT y AUDIT-C. Adicciones 2016, 28, 194–204.
[CrossRef]
26. Cortés Tomás, M.T.; Giménez Costa, J.A.; Motos-Sellés, P.; Sancerni Beitia, M.D.; Cadaveira Mahía, F. Utilidad del Alcohol Use
Disorders Identification Test (AUDIT) en el análisis del binge drinking en estudiantes universitarios. Psicothema 2017, 29, 229–235.
[CrossRef]
27. Wechsler, D. WMS-III: Escala de Memoria de Wechsler-III. In Manual de Aplicación y Puntuación; TEA: Madrid, Spain, 2004; ISBN
84-7174-778-2.
28. Rey, A. Test de Copia y de Reproducción de Memoria de Figuras Geométricas Complejas, 8th ed.; TEA Ediciones: Madrid, Spain, 2008;
ISBN 978-8471749628.
Int. J. Environ. Res. Public Health 2021, 18, 11508 12 of 12
29. Palomo, R.; Casals-Coll, M.; Sánchez-Benavides, G.; Quintana, M.; Manero, R.M.; Rognoni, T.; Calvo, L.; Aranciva, F.; Tamayo, F.;
Peña-Casanova, J. Estudios normativos españoles en población adulta joven (Proyecto NEURONORMA Jóvenes): Normas para
las pruebas Rey-Osterrieth Complex Figure (Copia y Memoria) y Free and Cued Selective Reminding Test. Neurologia 2013, 28,
226–235. [CrossRef] [PubMed]
30. Golden, C.J. STROOP. Test de Colores y Palabras, 6th ed.; TEA Ediciones: Madrid, Spain, 2020; ISBN 978-84-16231-78-2.
31. Wechsler, D. WAIS-III: Manual de Administración y Puntuación, 2nd ed.; TEA Ediciones: Madrid, Spain, 2001.
32. Reitan, R.M. Trail Making Test: Manual for Administration and Scoring; Reitan Neuropsychology Laboratory: Tucson, AZ, USA,
1992.
33. Calvo, L.; Casals-Coll, M.; Sánchez-Benavides, G.; Quintana, M.; Manero, R.M.; Rognoni, T.; Palomo, R.; Aranciva, F.; Tamayo, F.;
Peña-Casanova, J. Estudios Normativos Españoles En Población Adulta Joven (Proyecto NEURONORMA Jóvenes): Normas Para
Las Pruebas Visual Object and Space Perception Battery y Judgment of Line Orientation. Neurologia 2013, 28, 153–159. [CrossRef]
[PubMed]
34. Parada, M.; Corral, M.; Caamaño-Isorna, F.; Mota, N.; Crego, A.; Holguín, S.R.; Cadaveira, F. Binge Drinking and Declarative
Memory in University Students. Alcohol. Clin. Exp. Res. 2011, 35, 1475–1484. [CrossRef] [PubMed]
35. Mota, N.; Parada, M.; Crego, A.; Doallo, S.; Caamaño-Isorna, F.; Rodríguez Holguín, S.; Cadaveira, F.; Corral, M.; Caamano-Isorna,
F.; Rodriguez Holguin, S.; et al. Binge Drinking Trajectory and Neuropsychological Functioning among University Students: A
Longitudinal Study. Drug Alcohol Depend. 2013, 133, 108–114. [CrossRef] [PubMed]
36. Lezak, M.D.; Howieson, D.B.; Bigler, E.D.; Tranel, D. Neuropsychological Assessment, 5th ed.; Oxford University Press: New York,
NY, USA, 2012; ISBN 78-0-19-539552-5.
